In a recent decade, the GPS has been introduced to directly measure the displacements of super long-span bridges. However, due to its high cost, it is not appropriate to apply a number of GPS receivers in a super-long span bridge in order to measure the displacements through the overall bridge. From the limited point-based measurements of the displacement, a mode shape model for the bridge maintenance gets more complicated and includes errors due to the assumption in the displacements other than the measured points. This study considers digital cameras as the supplementary approach for the displacement measurements to address the limitation of GPS receivers. The objective of this study is to theoretically investigate the feasibility to use digital cameras with GPS receivers to develop a more compelling mode shape model for the super long-span bridge maintenance. From a case study, it was found that digital cameras can provide a sufficient measuring width with a moderate resolution to measure the displacements of a super long-span bridge.
INTRODUCTION
In South Korea, the facility maintenance systems (FMSs) have been applied in the bridge since the mid 1990s when the Dolsan Bridge and the Jindo Bridge employed them.
Particularly for the super long-span bridges such as the Seohae Bridge, the Youngjong Bridge, and the Incheon Bridge, the FMSs have been well developed and adopted.
However, most of the FMSs for the super long-span bridges have been based on the estimations of the displacements from the measurements of the accelerations or strains of the bridges. These indirect approaches to estimate the displacements were generally used due to the difficulty to directly measure the displacements of the super long-span bridges. Even though it is relatively easy and inexpensive to install accelerometers or strain gages as the indirect approaches, the complicated calculations are required and the errors can be accumulated while estimating the displacements from their measurements.
Thus, the indirect estimations of the displacements from the measurements of the accelerations or strains are less reliable than the direct measurements of the displacements. 
RELATED TECHNOLOGIES

MEASURING SCHEMATIC WITH DIGITAL CAMERAS
Laser displacement sensors or digital cameras are susceptible to the weather, which is a critical defect for the stable measurements of the displacements of super longspan bridges. Therefore, we have determined that the primary approach for the displacement measurements in the research project "Structural Health Monitoring Based on Displacement Measurement" is GPS receivers that provide stable and reliable measurements regardless of the weather.
As explained above, however, GPS receivers provide the displacement measurements of only specific points where they are located. This study considers digital cameras as a secondary approach for the displacement measurements to supplement the lack of points with GPS receivers. From the displacement measurements of more points of a bridge, a more compelling mode shape model, from which the displacements and the structural status of an overall bridge would be estimated, can be developed. is possible to create the matrix for mapping the relative displacements in the pixel coordinates to the displacements in the global coordinates based on those of the points with the GPS receivers. The issue regarding to the measurement accuracy is out of the scope of this study, and the details will be discussed in another study later.
In the following section, the theoretical investigations on the rates of the field of views and the image resolutions based on a case study are discussed.
CASE STUDY
This study calculated the maximum length along the spans that can be captured by each camera when the required measuring resolutions are 1 mm or 5 mm from a case study.
For the digital camera for the case study, the EOS 5D Mark II camera from Canon was selected because it provides a high pixel resolution (5616 width x 3744 height) with a moderate cost. Table 1 shows the maximum measuring distances (D) according to the focal lengths to satisfy the required resolutions of 5 mm and 1 mm when the view direction of the camera is horizontally and vertically perpendicular to the spans. The maximum measuring widths (W) and heights (H) captured by the camera at the maximum measuring distances are also presented in Table 1 . The measuring width and height vary with the angles at which the view direction of the camera is oblique to the spans horizontally and vertically. Table 2 shows the maximum measuring distances (D), widths (W), and heights (H) according to the focal lengths at α=45° and β=45° when the required measuring resolution is 5 mm or 1 mm. Table 3 shows those at α=60° and β=60°. As shown in Tables 2 and 3 , the maximum measuring width and height decrease as the sizes of α and β increase.
However, it should be also noted that the decreases are not much significant for the large focal lengths. Especially for the focal length of 800 mm, the maximum width for the required resolution of 5 mm decreases by only 6.8% and 0.6% when the obliqueness changes from α=0°, β=0° to α=45°, β=45° and when it changes from α=45°, β=45° to α=60°, β=60°, respectively. The maximum height for that decreases by only 2.8% and 2.2%, respectively. This finding indicates that even if digital cameras are oblique to the spans, the obliqueness would not much significantly deteriorate the maximum measuring widths and heights. In the consideration that the price of the EOS 5D Mark II camera is about $3,500, it does not seem feasible to spend $56,000 and the extra installation costs to use 16 digital cameras to get the displacement measurements of only 15% of the suspension part. One or two GPS receivers can be installed with the amount of $56,000. However, it may be feasible to spend the same amount of money obtain the displacement measurements of 76% of the suspension part which probably significantly contributes to developing a more compelling mode shape model.
A thing is whether the required resolution of 5 mm is allowable.
In the consideration that the maximum displacements of the Youngjong Bridge are approximately 35 mm which is relatively small compared to those of other super long-span bridges, it seems that the required resolution of 5 mm is not too rough to measure the displacement. Therefore, it seems feasible to use digital cameras to measure the displacements of a super long-span bridge.
CONCLUSIONS
From a case study with the EOS 5D Mark II camera from Cannon, it was found that digital cameras can provide a sufficient measuring width with a moderate resolution to measure the displacements of a super long-span bridge.
This finding indicates the feasibility of digital cameras as the supplementary approach for the displacement measurements of a super long-span bridge. With the displacement measurements by digital cameras, a more compelling mode shape model will be developed.
There are several limitations in this study. While the feasibility of digital camera were investigated focusing on the measuring resolution, the measuring accuracy was out of the scope of this study. However, the measuring accuracy must be satisfied to employ digital cameras to measure the displacements of a super long-span bridge. A skew coefficient or distortion coefficients were also not dealt with in this study. These coefficients may not significantly affect the measuring resolution, but still need to be checked. These issues will be discussed in other studies later.
